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What Is It about?
In this paper, we evaluated the physiologic ranges of cardiac troponin T serum concentrations in healthy newborns. This is significant because these ranges have not been determined yet, especially for newborns older than 7 days. Cardiac troponins are widely used as diagnostic markers in adults; however, they cannot be routinely used in infants due to lack of data concerning normal values in this age group.
Introduction
Cardiac troponins are protein components of the troponin-tropomyosin complex in the myocardium. The complex consists of three troponins: C, I, and T, and tropomyosin. In physiologic circumstances, troponins do not occur in extracellular space; therefore, their appearance in serum presents a sensitive and specific marker of myocardial damage [1] . In contrast to troponin C, myoglobin, creatinine kinase, and its isoenzyme B, both troponins cardiac troponin T (cTnT) and cardiac troponin I (cTnI) do not appear in any other tissues but the myocardium [2, 3] . Troponins appear in blood 2-4 h after insult, peak at about 12 h, and then remain elevated for 7-10 days [1, 2] .
The significance of both cTnT and cTnI in the diagnosis of myocardial damage is clinically almost equal. They differ in intracellular compartments, biological half-life, and molecular weight [3] . There are also differences in the standardization and availability of commercial troponin kits. Absolute values of gained results are often incomparable; however, diagnostic features of particular methods are similar [3] .
Cardiac troponins seem to have huge diagnostic value not only in adults, but also in pediatric patients with suspicion of myocardial injury. The following applications of cardiac troponin's diagnostic role in pediatrics are specified: acute myocarditis, heart arrhythmias, perinatal ischemia, perioperative myocardial damage, drug cardiotoxicity, and heart transplantation [2] [3] [4] [5] .
Cardiac troponins are biochemical markers of myocardial injury with unquestionable significance in diagnostic strategy in adults [1] . However, their role in diagnostics in neonates has not been fully explored yet. Cardiac troponins have not been used routinely in neonates mainly due to insufficient data concerning the normal ranges in this age group.
The aim of the study was to evaluate physiologic ranges of cTnT in healthy newborns and the influence of factors like age, sex, blood saturation, or hemoglobin level on cTnT concentration.
Methods

Subjects
The study involved 59 healthy infants (both term and preterm) up to 46 weeks of postmenstrual age. Postmenstrual age was estimated according to current guidelines as the time elapsed between the first day of the last menstrual period and birth (gestational age) plus the time elapsed after birth (chronological age) [6] . The exclusion criteria were severe perinatal asphyxia (Apgar score ≤ 4 points in 1st and 5th min) and any significant disease. Heart disease was excluded according to comprehensive clinical evaluation; in case of any doubt ECHO and EKG examinations were additionally performed.
The studied group consisted of 59 infants (37 males and 22 females). The gestational age of studied newborns was 25-41 weeks (mean: 38). Chronological age (in days from the date of birth) was 6-109 days (mean: 33). Postmenstrual age was 34-46 weeks (mean: 42). The birth weights of the studied newborns were between 585 and 4,500 g (mean: 3, 193) . Apgar scores were between 5 and 10 points (mean: 9) in the 1st minute and 6-10 points (mean: 9) in the 5th minute.
Forty-three newborns were delivered the natural way and 16 were delivered by cesarean section. The mothers of the newborns were free of cardiac pathologies. However, in 14 cases mothers had a history of other diseases during pregnancy: respiratory tract infections (5 cases), genitourinary system infections (5 cases), and arterial hypertension (4 cases).
Procedure
Troponin T levels were evaluated in 150 μL of venous blood immediately after collection by the use of the Roche CARDIAC T Quantitative Test (Third Generation; Roche Diagnostics). The test strip contains two monoclonal antibodies specific to cardiac troponin. The measuring range is 0.03-2 ng/mL. Hyperbilirubinemia (<20 mg/dL), hemolysis, or lipemia (triglycerides <440 mg/dL) do not interfere with the results.
The obtained results, after checking the normality of distribution, were statistically analyzed by the use of an appropriate test from the Statistica 9.0 packet. Right-handed asymmetry of certain distributions was eliminated by use of logarithmic transformation. Dependency analysis was performed based on the Pearson linear correlation coefficient ( r ) or Spearman ( R ) rank correlation test and t test significance of the correlation coefficient in the population. The results were considered statistically significant when p < 0.05.
The study protocol was approved by the Ethics Committee of Medical University of Lublin (Consent No. KE-0254/7/2007).
Results
The newborns from the studied group were divided into three categories according to the obtained results of cTnT concentration. The results are presented in Table 1 .
CTnT Concentration and Patient Age
Mean cTnT concentrations according to age in healthy newborns are presented in Table 2 . The Spearman rank correlation coefficient between cTnT concentration and chronological age was R = -0.22 and p = 0.129, which means that the results are not statistically significant. Similarly, correlation between gestational age and cTnT concentration was statistically insignificant (Spearman's rho was R = -0.08 and p = 0.589). However, the significant negative Table 2 .
Correlation between cTnT Concentration and Apgar Scoring
No significant correlation was found between cTnT concentration and Apgar scoring in newborns born in good or moderate condition. Patients born severely depressed were excluded from the study.
Correlation between cTnT and Blood Hemoglobin Concentrations
The relationship between cTnT and blood hemoglobin concentrations was evaluated as well, and no significant correlation was found.
Relationship between cTnT Concentration and Sex
No differences were found in cTnT concentrations depending on the sex of studied newborns.
CTnT Concentration and Mode of Delivery
No significant difference in cTnT concentration was found between newborns delivered by cesarean section and those delivered the natural way.
Relationship between cTnT Concentration and Blood Oxygenation
No significant correlation was found between blood oxygenation and cTnT concentration in healthy newborns ( R = 0.148, p = 0.310).
Discussion
Heart diseases are a significant cause of morbidity and mortality in newborns. The diagnostic methods indicating cardiac disease in newborn are often not sufficient or, in many cases, cannot be used due to high technical requirements or their invasive nature. Medical knowledge concerning biomarkers in diagnosis of the circulatory system in adult patients has experienced great advancements. Among them, cardiac troponins play the main role. In the current literature, there is still not enough data about their physiologic features in the newborn period, as well as concerning variability of these markers in newborns with heart diseases. Due to the lack of this knowledge, cardiac troponins are not routinely used in cardiac diagnostic procedures in newborns.
The aim of the study was to evaluate physiologic variability of cTnT in healthy newborns, including determination of percentile normal ranges depending on chronological and postmenstrual age.
Despite the obvious usefulness of troponins in cardiac diseases in adult patients, even in this group there are still some problems with cT analysis and interpretation, especially concerning boundary values [7] . There are no unequivocal guidelines concerning interpretation of cardiac troponins concentrations in neonatology. A few research groups tried to determine cTnT referential ranges in preterm and full-term newborns. An aggregate statement of cTnT values achieved by particular research teams is presented in Table 3 .
In one of the largest studies, published by Baum et al. [8] , distribution of cTnT in cord blood was evaluated in 869 healthy newborns. The authors revealed statistically significant differences in cTnT concentrations between male and female patients -higher values were observed in females. The study did not take Apgar scoring into account. The authors stated Tarkowska and Furmaga-Jabłońska: The Evaluation of Cardiac Troponin T in Newborns www.karger.com/bmh that healthy full-term newborns presented higher cTnT concentrations in comparison to adults. This fact must be considered when construing elevated cTnT concentration in newborns [8] .
The difference in cTnT concentration between males and females was not confirmed in studies conducted by Clark et al. [10] . The aim of their research was to evaluate troponin T reference ranges in cord blood of healthy newborns. The study included 215 healthy neonates born at 37-41 weeks' gestational age. Data concerning gestational age, birth weight, sex, mode of delivery, and Apgar scoring was taken into consideration in the studied group. There was no significant correlation stated between cardiac troponin T concentration and gestational age, birth weight, or Apgar scoring in the 1st minute. Similarly, there was no significant difference in cTnT concentrations in boys and girls or between newborns delivered by cesarean section and the natural way [10] . Consecutive study, conducted by the same authors, confirmed a lack of correlation between mode of delivery, gestational age, sex, and Agar scoring at the 5th minute in healthy full-term newborns [12] .
Another study, in which serial measurements of cTnT concentrations in full-term newborns were performed, revealed cTnT increased with peak levels on the 3rd day of life. Healthy preterm newborns presented higher troponin levels than full-terms, but the difference was not statistically significant [11] . Clark et al. [16] also stated that troponin concentrations in both full-term and preterm newborns were higher than reference ranges for adults. The above results, especially in preterm newborns, are probably caused by changes occurring in circu- latory and respiratory systems, and not by prematurity itself. Rapid exposure to high-pressure system and loss of low-pressure placental circulation might be a troponin-releasing factor [17] . Additionally, cross reaction with fetal muscular troponin T cannot be excluded. The theory seems to be confirmed by studies conducted by Fortunato et al. [9] in which cTnT concentrations in 22 healthy fetuses at 22-25 weeks of gestational age were comparable to concentrations found in preterm newborns born at 30 weeks of gestational age [9] . However, the studies performed by Clark et al. [16] revealed that postnatal cTnT concentrations were usually higher than evaluated in cord blood. The results of the above studies indicate the necessity of considering chronological or postmenstrual age while interpreting cTnT concentrations in newborns.
On the basis of the present study, the significant negative correlation between postmenstrual age and cTnT concentration was confirmed. Postmenstrual age is now recommended as the most proper tool to evaluate development of premature infants, especially when comparing infants born in different gestational ages.
The physiologic levels of serum troponin T in newborns have not been established yet, inter alia because results achieved by scientific groups varied from each other. However, none of the research groups had taken postmenstrual age into considerations, although there were studies conducted on both term and preterm newborns.
Data from our study indicates that cTnT concentrations in newborns correlate with postmenstrual age, which can be the first step towards establishing referential values in this age group. These results can be inspiring to conduct other studies, on bigger groups, to confirm this theory.
No significant correlation was found between cTnT concentrations and gestational age, which is consistent with most literature data [10] [11] [12] 16] . On the other hand, research by Awada et al. [14] , including 116 healthy newborns on the 1st day of life, revealed a significant correlation between these parameters -the highest cTnT was found in preterm newborns.
The results of the present study did not confirm significant differences in cTnT concentrations according to chronological age. Previously performed studies revealed an increase of troponin level right after birth and maintenance of elevated concentration (comparing to adults) to the 7th or (according to other authors) 15th day of life [11, 15] . In the current literature there were no studies found evaluating cTnT in infants over 2 weeks of age. In the present research, no correlation between cTnT and chronological age in newborns ≥ 7th day of life was stated. Furthermore, no correlation between cTnT and sex, mode of delivery, or saturation was found in the studied group. The results of the study are accordant with most of the literature data [10] [11] [12] 14] . Only Baum et al. [8] found a significant difference in cTnT concentrations in males and females (higher in boys). Although it is the only study with such results, it includes the largest number of patients.
Güneś et al. [15] , Boo et al. [13] , and Costa et al. [18] revealed that newborns born with severe perinatal anoxia had significantly higher cTnT concentrations during the first hours of life, compared with newborns born in good or moderate condition. Cardiac troponin T concentrations remained high also on the 3rd and 7th day of life [13, 15, 18] . In the present study no correlation between cTnT concentrations and Agar scoring in the 1st or 5th minute of life was found. While interpreting the results, it must be considered that there were no newborns with severe perinatal asphyxia in the studied group (Apgar scoring <4 points was one of the exclusion criteria) and that the studied patients were over 1 week of age. Other studies which included healthy newborns (without asphyxia in perinatal period) also did not reveal any relation between cTnT concentrations and Apgar scoring [10, 12] . This is the first study that includes newborns older than 2 weeks of age. Most of the cited studies focused on very young neonates during their first 3 days of life. There was only one study cited that included patients up to 15 days of age, but it evaluated only several newborns. Moreover, the results of most of the cited studies differed from each other.
Our study included patients over 6 days of age, and according to data from literature this is the first attempt to evaluate physiological ranges of serum troponin T in such newborns. This is most likely the reason why some of our findings differed from other cited studies.
Conclusions
We draw two conclusions from our research: (1) cTnT concentration depends on postmenstrual age in newborns and (2) cTnT concentration in newborns does not depend on sex, mode of delivery, or blood saturation.
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